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Research involving critical fluids is a sub-discipline of high pressure technology,
and should also encompass the evaluation of components (pressure gauges, flowmeters,
pumps, etc.) that are routinely used in measuring experimental data and mechanically
conducting extractions or reactions. A unique system has been developed at NCAUR for
performing these tasks, which can include the calibration of various types of pressure
gauges, determining the leak status of high pressure valves, or testing the efficacy of
repaired pumps or compressors used for fluid delivery. The pressure test bench is
capable of generating reproducible pressures to 20,000 psi, and features both low and
high calibration gauges which are routinely used in the NCAUR High Pressure
Laboratory. The bench is capable of both producing and/or receiving pressure signals,
allowing it to be used for many types of pressure calibration and testing for fluid leakage.
A description of the design, construction, and use of this pressure test bench will be
presented, including provision for automatic data recording of pressure, flow, and other
variables which impact on using critical fluids in a high pressure laboratory.

Introduction

Various high pressure components, such as pressure gauges, transducers, relief
valves, shut-off valves, micrometering valves, and gas booster pumpé, are used at the
High Pressure Laboratory of NCAUR to construct small scale pilct plant apparatus.
References pertaining to the control systems and a variety of apparatus constructed at the
High Pressure Laboratory can be found in previously published literature.* The High
Pressure Laboratory is well stocked with new as well as used components. The unknown
condition of the many used components and the desire to check the performance of
repaired pumps precipitated the need for a pressure test bench. It should be noted that it
was not our intent to design or construct a test bench to proof test or burst test pressure
vessels. Photographs of the completed test bench, front and back, are shown in Figures 1
and 2.
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Figure 2. Photograph of back view of pressure test bench.



Design
The design for the pressure test bench was finalized after giving consideration to
safety, functionality, and available existing components. A schematic of the test bench is

shown in Figure 3.
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Figure 3. Schematic of the pressure test bench.

The test bench was divided into two sections: one for low pressure testing (using
compressed air) and one for high pfessure testing (using a cylinder tank of argon). The
low pressure test section provides controlled compressed air up to 150 psi, supplied by
the High Pressure Laboratory’s dedicated air compressor (2T25A-240; Emglo,
Johnstown, PA). The high pressure test section has the capability to provide cylinder tank
pressure through a precision regulator up to 2000 psi. Higher pressures up to 20,000 psi
are obtained through the use of an air-driven gas booster pump. Precision adjustments of



pressures up to 15,000 psi are allowed on the high pressure test section through the use of
a hand pump pressure generator. In consideration of safety and to protect components of
the test bench, relief valves and rupture discs were included in the design. An electrical
signals connection panel was also included to allow for data acquisition of the pressure
signals and calibration of the high pressure test section’s digital pressure indicators. The
performance of various components, such as those that accept pressure and those that
generate pressure, can be checked at the test bench. Design is such that leak checking of
components at pressures up to 15,000 psi can be accomplished by observance of a

pressure drop (bleed rate).

Construction

Certain components were chosen for inclusion in the test bench, such as the gas
booster pump and the hand pump pressure generator, to duplicate components already
used in the High Pressure Laboratory. Many of the remaining components were selected
based on the High Pressure Laboratory’s stock of existing parts. If purchased new, the
total cost for components and parts used in the construction of this test bench would be
approximately $15,800. Tables 1 and 2 provide information on all of the components
incorporated in the test bench.



Table 1. Pressure test bench components.
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Table 2. Sources for components used in construction of the pressure test bench.

[COMPANY [PARERT COMPARY] | LOCATION E WNTERNET ADDRESS 1
'ARO fingersoli-Rand] Bryan, OH @18) 6364242 hitp/iwvww.aro_ingersoll+and.com/
Ashcroft [Dresser instrument Division) Stratford, CT (203) 378-8281 hip/Aivww dresser.com/nstruments/
Autociave Engineers [Snap-tite) Erie, PA [ 3] http.iivrerw snap-tite com/ael

B-Line [Sigma-Aldrich) W ©18) 854-2184 hetp/werw bline.com/

[BOC Gases Murray Fill, NJ (908) 484 8100 hitp//www bocgases.com/

BuTech Pressure Systems Enie, PA ®14) http/Aerw ncinter .net/~butech/
Cajon [Swagelok] Macedonia, OH (440) 345-5834 hitp/iwww swagelok.com/

Circie Seal Controls Corona, CA ©00) 2 hitp/iwwei ciccle-ssal com/

[Fisher Scientific Pitisburgh, PA (412) 490-8300 hitpJiwerw fisherscl.com/

General Cable Highland Heights, KY |(808) 572.8000 http/Awww generaicable.com/
Haskel intemational Burbank, CA {818) 843-4000 hitpJiwew haskel.com/

High Pressure Equipment Erie, PA (814) 838-2028 http/fwerw highpressure.com/

Lyon Metal Products Aurora, 1L ©30) 862-8941 hitp:/Awww Jyonmetai.com/
Matheson Tri-Gas Parsippany, NJ (873) 257-1100 hitp/iwww mathesongss.com/
McMaster-Camr Eimhurst, il {630) 8330300 hitp/iwew .mecmaster.com/

Nupro [Swageiok] Wikloughby, OH 440) 3405834 [hitpUiwww swageiok.com/

Oseco Broken Amrow, OK @18

Pomona Pomona, CA (900) http/Awww pomonselectronics.com/
[Restek Beliefortte, PA B14) 353-1300 hitp./iwww sestokcomp.com/
Swageiok Solon, OH (440) 3405854 |niipJiwww swagelok com/

Waliace & Tieman Bellevilie, NJ ®73) http:/rerww wandt.com/
Weatherhead [Dana) Toledo, OH 418) 891-2800 http:/iwww . dans .com/weatherhead/
Whitey [Swageiok] Highland Heights, OH | (440) 3495034 http /fwww Swagelok.com/

The versatility of channel strut metal framing was used to an advantage for constructing
the framework of the test bench. Components were mounted on the open framework built
with 1-5/8 inch square galvanized steel channel strut (B22; B-Line). This frame was
attached to a 60-inch by 28-inch wood-top workbench. Dimensions for the frame were
determined after taking into consideration the space needed for the various components.
Aluminum panels, 1/8-inch thick and sheared to size, were attached to the frame to
accommodate panel-mount gauges and valves. A 14-inch by 12-inch aluminum panel was
also sheared and installed as a shelf below the low pressure test section.

Dimensional layout of the frame and panels was performed using a Computer
Aided Design (CAD) software program, “TurboCAD for Windows” version 1.02 (IMSL,
San Rafael, CA). Outlines of the various components were drawn at 4:1 or 6:1 scales and
arranged to create a functional and aesthetically pleasing layout. These drawings are

-
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shown in Figures 4, 5, 6, and 7.



sz > b
gf%n Ll
JM 5 ‘?n??-‘lSHf 5
g . O o . -
o = 95
X &
o O — o _Je;‘
x = o o O J/
iq
&
‘ e
> d
T
-
ir\
Figure 4. Frame layout.
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Figure 5. Low pressure panel layout.
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Figure 6. High pressure panel layout.
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Figure 7. Electrical signals connection panel layout.

Dimensions taken directly from the CAD drawings were used to fabricate the channel
strut frame and aluminum panels. The framework outside dimensions are 52 inches wide,
12 inches deep, and 39-1/4 inches high. Comer angle channel strut components (B231,
B101; B-Line) were used to fasten the lengths of channel strut together to make the
frame.



The low pressure test section incorporates a surplus precision 100 psi, 8-1/2 inch
diameter, double-revolution dial pressure gauge [G-A]. A relief valve [RV-A], set at 100
psi, protects this gauge from over pressurization. One-quarter inch bulkhead unions B-
400-61; Swagelok) provide convenient test port connection points. One-quarter inch
plastic tubing (PT-240-04; Weatherhead) was used to connect components behind this
panel.

Four existing ball valves [L1, L2, H1, H2] were mounted on the panel of the high
pressure test section, along with analog and digital pressure gauges. Existing 3-way/2-
stem manifold valves [L3-L4, H3-H4, H5-H6, H7-H8] were used to advantage, since they
reduced the number of tube connections. These valves were mounted on four-hole comer
plates (B143; B-Line) modified with two 10-24 tapped holes. This provided a secure
mounting for the valves through a simple connection to the frame using 1/2-13 hex head
cap screws (HHCS 1/2" x 1 1/4"; B-Line) and channel nuts (N225; B-Line). Relief valves
[RV-1, RV-2, RV-3] to protect the gauges [G-L, G-H], the transmitters [PT-L, PT-H],
and the pressure generator [P2] were mounted to the frame with channel strut pipe clamps
(B2211, B2212; B-Line). A 1-1/2 inch diameter hole was cut into a three-hole gussetted
shelf angle (B125; B-Line) to accommodate mounting of the tank regulator [REG-G].
One-quarter inch O.D., 0.083 inch LD. high pressure tube, rated for 60,000 psi (MS15-
081; Autoclave Engineers), and 1/4 inch O.D,, 0.109 inch I.D. medium pressure tube,
rated for 20,000 psi (MS15-092; Autoclave Engineers), were used to interconnect
components in this section. The one exception was from the cylinder tank check valve
[CV] to the input side of the tank regulator [REG-G], where 1/8 inch O.D., 0.085 inch
LD. stainless steel tubing (21512; Restek) was used.

Performance

External pressure connections to the low pressure test section are made through
1/4 inch compression fittings (Swagelok -400 connection type). Adapters have been made
to accommodate connections to components with other type connection ports.

External pressure connections to the high pressure test section are made through
1/4 inch standard high pressure cone and thread connections (Autoclave Engineers
F250C connection type). The one exception is at the regulated tank output valve [L0],



where the output connection is made with a 1/8 inch gland and compression sleeve
(Autoclave Engineers W125 connection type). Connection adapters have also been made
for this test section.
The pressure test bench permits a multitude of test configurations. Graphic
“layouts, shown for the high pressure test panel in Figure 8, were drawn on both panels
with permanent markers to indicate device interconnections for straightforward use of the
test bench.
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Figure 8. High pressure test panel graphic layout.

Though operation of the test bench is intuitive, step-by-step test procedures have been

developed for various components. Figure 9 shows one of these procedures.

+ Connect pas input of purmp-under-test 1o REGULATED TANK OUTPUT pont.

- Cannect gas output of pump-under-es! to 20,000 pai GAUGE EXTERNAL INPUT port.

- Cannect sic drive input of pump-under-test 1o REGULATED AIR OUTPUT port.

- Close vaives A1, L2, L4, H1, HS, M6, HT.

- Open vaives A0, L0, L1, L3, H2, M3, H4.

- Adjust tank reguiator REG-G for desired gas input pressure for pump-under-iest ss cbserved on gauge G- and indicstor Pi-L..

- Adjust air reguisior REG-A to oblain desired gas cutput pressure for pump-under-iest as cbaerved on gauge G-H and indicator Pi-H.

- Open vaive HE when I is desired 10 vant gas cutput pressure for pump-under-test.

- Before disconnecting purmp-under-iest, adjust air regulstor REG-A and tank regulator REG-G fully counterciockwise and open vaive H6 .

Figure 9. Sample test procedure.
One consideration needs to be noted when using the gas booster pump [P1] and
the hand pump pressure generator [P2]. Adjustments made with the pressure generator

[P2] to lower the test pressure below the set pressure of the booster pump [P1] will be
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canceled out by the compensating-action of the booster pump [P1] returning to its set
pressure. Therefore, the pressure setting of the booster pump [P1] needs to be kept lower
than the pressure that the pressure generator [P2] will be adjusted to. (Increasing test
pressures generated by the pressure generator [P2] are not compensated by the booster
pump [P1] due to operation of the booster pump’s [P1] internal check valve.)

As with any system that develops high pressures, intended actions need to be
thought through with safety in mind. Venting of test gases away from personnel is a
must. All vent valves on this test bench discharge to the back of the bench, away from
personnel. Tubing used to connect the test bench to the device-under-test must be
adequately rated for the pressure that will be applied. Connections should not be broken
until all pressure has been relieved from the device-under-test. Testing should always
start with all pressure regulator knobs turned fully counterclockwise (zero pressure). The
appropriate responsive action to an unexpected failure of a device-under-test should be
determined before a test procedure is initiated.

Data Acquisition

Provisions were made through the electrical signals connection panel to measure
and record the 4 to 20 mA signéls from the pressure transmitters [PT-L, PT-H]. A
schematic showing the wiring and operation of one of the two identical channels of the

electrical signals connection panel is shown in Figure 10.
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CONNECTION PANEL

WHITE

To record pressure signal, disconnect
jumper J1 and connect 4 to 20 mA
recording device at RECORD terminalis.

To calibrate indicator, disconnect
both jmpers and connect 4 to 20 mA
currect source at CALIBR terminals.

]
1]
- |G
54
A DIGITAL PANEL METER
oremn | o (Ashcroft 2260A, 4 to 20 mA)
B
7
A= pry
we |- ()
PRESSURE TRANSMITTER

(Ashcroft K1 series, 4 to 20 mA)

Figure 10. Schematic for one-half of the electrical signals connection panel.

Data was recorded during a test of a used relief valve that provides an example of this test

bench feature. This data was collected from the 20,000 psi pressure transmitter [PT-H]
using National Instruments (Austin, TX) SCXI hardware and LabVIEW version 5.0.1

software. Figure 11 shows the pressure relieving performance of the used relief valve set

at approximately 9000 psi and checked in two different ways.
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Figure 11. Performance of relief valve-under-test.

The first method applied a gradual increasing pressure to the relief valve: Booster pump
[P1] was used to pressurize the relief valve, connected at the TEST PORT of test output
valve [H7], to an initial 8000 psi. Then pressure generator [P2] was rotated clockwise
(approximately 14 half-turns) to actuate the relief valve. The second method applied a
sudden over-pressurization of 10,000 psi to the relief valve: Booster pump [P1] was used
to pressurize the relief valve to 8000 psi. Next, test output valve [H7] was closed, and the
test bench was pressurized to 10,000 psi. After turning drive regulator [REG-D] fully
counterclockwise, test output valve [H7] was quickly opened, permitting actuation of the
relief valve. ‘

The electrical signal connections panel also provides a convenient manner for
external calibration of the digital panel meters (indicators) [PI-L, PI-H] with a current-
sourcing 4 to 20 mA calibrator. ‘
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Conclusion |

Components utilized in supefcritical fluid research are often incorporated without
initially testing their condition. Used components, as described previously, should be
routinely tested to see if they are in a safe condition and meet operational specifications.
The described pressure test bench was built by taking advantage of existing parts and
incorporating components that are used in the NCAUR Critical Fluids Research Program.
‘The pressure test bench is designed specificaily for evaluating components routinely used
in supercritical fluid research. |

In the future a mass flowmeter will be added to the test bench to provide flow
calibration capability. Performance of the described test bench has met desired
expectations and supplied the laboratory with a needed testing apparatus.

Acknowledgments

Names are necessary to report factually on available data; however, the USDA
neither guarantees nor warrants the standard of the product, and the use of the name by
USDA implies no approval of the product to the exclusion of others that may also be
suitable.

14



(1) Friedrich, J. P. Wheels Make High-Pressure Research Roll. Annals of the New York
Academy of Sciences 1970, 172, 155-174.

(2) King, J. W. Analytical-Process Supercritical Fluid Extraction: A Synergistic
Combination for Solving Analytical and Laboratory Scale Problems. Trends in Anal.
Chem. 1995, 14, 474-481,

SOURCE: Supercritical Fluids for Sustainable Technology, 5th
International Symposium on Supercritical Fluids (ISSF 2000),
April 8-12, 2000, Atlanta, Georgia. p. 1-15. 2000 .
(proceedings distributed on CD)

Supplied by the United States Department of Agriculture, National
Center for Agricultural Utilization Research, Peoria, Illinois.

15



